The leaf essential oils of the two chemotypes of Eugenia reinwardtiana (Blume) DC growing in Australia have been investigated. Chemotype 1, isolated in 0.2% yield, w/w, dry weight, contained major amounts of -pinene (10-26%), limonene (1-15%), -caryophyllene (0.7-11%), -humulene (0.9-16%) and bicyclogermacrene (1-23%). The second chemotype, found only on coastal dunes SW of Lockerbie Qld, and isolated in 0.4-0.6% (w/w, dry weight), contained -pinene (tr -8.5%) -caryophyllene (12-27%) and -humulene (1-17%) as the major terpenes. This chemotype also contained the novel aliphatic diketone, 2-butyl-2,4,4-trimethyl-5-methoxycyclohex-5-en-1,3-dione (18-33%), whose structure determination is reported herein.
The family Myrtaceae contains some very large genera of which Eugenia, with over 1,000 species, is one of the largest. Only Syzygium (about 1,300 species) and Eucalyptus (about 750 species) approach it in number of species [1] . Eugenia has a distribution that spans both the Neotropics and Paleotropics. It is common in the Americas (800 species), particularly in the Atlantic coastal forests of Brazil, Mesoamerica, and a significant part of South America. There are also about 60 species reported from Africa, Malesia (60 species) and New Caledonia (approx. 50 species) [Wilson pers. Commun; 2] . In the Indo-Pacific Region there are over 200 species of Eugenia, the vast majority having very localized distribution [3] . Surprisingly, for a country that has astounding diversity and speciation within the Myrtaceae, Australia only harbors one native species of Eugenia and even this has a distribution that extends from Malesia and the Pacific Islands to Australia. Within Australia the species is dominantly found on the east coast from Bundaberg to Cape York and the Torres Strait Islands. It is also found on the west side of Cape York in the Gulf of Carpentaria and from a few localities in the Kimberleys of Western Australia. Surprisingly, although suitable habitat exists, it is yet to be recorded from the Northern Territory [4] .
Eugenia reinwardtiana (Blume) DC is a variable small slender tree usually attaining up to 6 m in height but is frequently a low, densely branched shrub. It has elliptic to elliptic-obovate or ovate leaves, with oil dots frequently visible to the naked eye; the leaves are 2.0-9.1 cm long and 0.9-4.7 cm wide. Although E. reinwardtiana is frequently found on or near the coastline in low closed beach scrubs with a sandy substrate, it is not restricted to this habitat and is also found in monsoon forests, deciduous vine thickets and seasonally dry rainforests on a variety of substrates, often well away from the coast [4] . Altitudinal range is sea level to 500 m altitude [5] .
To date, approximately 80 species (from the approximately 1,100 known species) have been investigated for their leaf oils [6; Scifinder] . The vast majority of these analyzed species have produced terpenoid oils, with either mono-or sesquiterpenes predominating. Only three species, E. confusa DC, from Abaco Island, Bahamas, which contained 1,3,5-trimethoxybenzene (74%) and 1,3,5-trimethylstyrene (20.7%) as principal components [7] , E. protenta McVaugh from the north of Brazil, in which dimethylxanthoxylin (2-hydroxy-4,6-dimethoxy-3,5-dimethylacetophenone) (73% and 83%) was identified in several (though not all) collections [8] , and E. gacognei Montrouz, with either 2hydroxy-4,6-dimethoxy-3,5-dimethyl-acetophenone (36.8% in one collection) or a mixture of 6-hydroxy-2,4-dimethoxy-3-methylacetophenone (59.6%) and 2-hydroxy-4,6-dimethoxy-acetophenone in a second collection produced leaf oils with significant amounts of aromatic components [9] . No chemistry, particularly no data on the leaf oils, has been reported on E. reinwardtiana. This is addressed in this publication.
Analysis of the leaf oils of E. reinwardtiana showed that there existed two distinct chemotypes; one characterized by the presence of an approximately 50:50 mix of mono-and sesquiterpenes, while the second chemotype contained significant proportions of sesquiterpenes, together with the presence of a major amount of an aliphatic diketone. The first chemotype contained major amounts of the monoterpenes -pinene (10-26%), limonene (1-15%) and E-ocimene (0.7-4%). LRI values were measured on DB-Wax and BP20 columns relative to n-alkanes.
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The principal sesquiterpenes of this chemotype were -
and spathulenol (1-5%). One sample from this chemotype lacked monoterpenes and gave a completely sesquiterpenoid oil, with the major components being the same as above. The oil yields from all samples of this terpenoid chemotype was 0.2% (w/w, dry weight). A complete list of the compounds identified in representative samples of both chemotypes is given in Table 1 .
The second chemotype of this species, found only on coastal dunes SW of Lockerbie, Qld and isolated in 0.4-0.6% yield (w/w, dry weight), contained minimal monoterpenes, with major members being -pinene (tr -8.5%), 1,8-cineole (tr-2%) and limonene (0.1-2%). Significant amounts of sesquiterpenes were present, with the major members being -caryophyllene (12-27%), -humulene (1-17%), -cadinene (3-5%), globulol (2-7%), viridiflorol (1-5%) and spathulenol (1-3%). The principal component, however, was an unknown aliphatic compound (18-33%).
This compound gave a mass spectrum with a very small molecular ion at m/z 238 (0.2%), which accurate mass measurement by APCI on the compound, isolated by preparative HPLC, showed to have a composition of C 14 H 22 O 3 (found for MH + 239.1640, C 14 H 23 O 3 requires 239.1642). There was a large ion at m/z 182, consistent with the loss of C 4 H 8 in a McLafferty rearrangement from the parent ion. A second rearrangement within the ring leads to the base peak at m/z 126. A more detailed mass spectrum is given in the Supplementary Material. The 1 H NMR spectrum of this compound showed resonances for the presence of 3 methyl groups attached to tertiary carbon atoms, 1 methoxy group, 1 olefinic H and a 4 carbon aliphatic group. 13 C NMR analysis confirmed the above groups and the presence of the olefinic group and 2 carbonyl carbons. In the HSQB spectrum the methyl proton resonance (H-11) at 1.27 ppm showed 3 J CH correlations with the 2 carbonyl carbon resonances at 199.5 ppm (C-1) and 213.9 ppm (C-3) and to the carbon at 38.5 ppm (C-7), and a 2 J CH correlation to a carbon at 59.6 ppm (C-2), which is a quaternary carbon. The two methyl groups at 1.37 ppm (H-12) and 1.35 ppm (H-13) showed 3 J CH correlations to the more downfield carbonyl carbon C-3 and one of the olefinic carbons at 178.7 ppm (C-5), and 2 J CH correlation to a quaternary carbon at 48.2 ppm (C-4) to which the methyl groups are attached. The lone olefinic proton at 5.53 ppm (H-6) showed 3 J CH correlations to the quaternary carbons C-2 and C-4, and 2 J CH correlations to the more upfield carbonyl carbon C-1 and to the olefinic carbon at C-5. These confirmed the 6-membered diketone cyclohexene substructure of the molecule. A methoxy group at 3.77 ppm (H-14) gave a 3 J CH correlation to the carbon at 178.7 ppm that assigned this methoxy group as attached to the olefinic carbon C-5. 1D TOCSY experiment showed the proton signals at 1.81 (H-7), 1.20 (H-9), 0.98 ppm (H-8) and the methyl group at 0.80 ppm (H-10) to be in the same spin that confirmed the butyl substructure, and the 2 J CH correlation of the methylene protons at 1.81 ppm ( H-7) to C-2 linked the butyl group to the cyclohexene substructure. An optical rotation was not recorded. The complete 1 H NMR and 13 C NMR spectral assignments, together with HMBC correlations are given in Table 2 and Figure 1 .
The presence of the carbonyl carbons is backed up by the ir spectrum of the isolated essential oil, which showed absorption at 1710 cm -1 , indicative of a ketone in a 6 membered ring. Taken together these data lead to the compound being 2-butyl-2,4,4trimethyl-5-methoxycyclohex-5-en-1,3-dione (1), for which we propose the trivial name reinwardione. The 13 C NMR spectrum of this compound bears great similarity to that of O-methyl syncarpic acid (2,2,4,4-tetramethyl-5-methoxycyclohex-5-en-1,3-dione) [21] , with the exception of a butyl group in 1 as opposed to a methyl group in syncarpic acid. This compound is new, but would seem to be biosynthesized by methylation and butylation of phloroglucinol. Also present in the oil of this chemotype was a small amount (0.1%) of what was an aromatic compound, mw 238, whose mass spectrum is given in the Supplementary material.
With the exception of the diketone reinwardione, the leaf oil of E. reinwardtiana is compatible with those of previously reported species of Eugenia. Only this one chemotype is atypical of the genus. Oil extraction: Oils were isolated by steam distillation with cohobation of leaves and terminal branchlets for 6 h. The oils so obtained were dissolved in pentane, dried with anhydrous magnesium sulfate and the solvent allowed to evaporate at room temperature. The pale yellow colored oils were kept in the dark at 5°C and analyzed as soon as practical following isolation.
Experimental

Component identification:
Analytical gas chromatography (GC) was carried out on a Shimadzu GC17A gas chromatograph with either a column of DB-Wax (60 m x 0.25 mm x 0.5 m) or a BP-20 column (60 m x 0.25 mm x 0.25 µm), both of which were programmed from 50º-220ºC at 3ºC/min with helium as the carrier gas. Injector and detector were both 220ºC. GC integrations were performed on a SMAD electronic integrator. GCMS was carried out on either (a) a VG Quattro mass spectrometer operating at 70 eV ionization energy (GC column used was a DB-Wax (60 m x 0.32 mm x 0.25 m) programmed from 35º to 220ºC at 3ºC/min with helium as the carrier gas, injector temperature was 220ºC); or (b) a Shimadzu GCMS-QP5000 mass spectrometer operating at 70 eV ionization energy (GC column used was a BP-20 (30 m x 0.25 mm x 0.25 µm) programmed from 35 to 220ºC at 3ºC/min with helium as the carrier gas, injector temperature was 250°C). Some analyses were also carried out by GCMS on a DB-5 column, 30 m x 0.25 mm x 0.25 µm, programmed from 35 to 250°C at 5°C/min, with helium as carrier gas and mass spectrometer conditions as for the previous column. Mass spectra were recorded in electron impact (EI) mode at 70 eV, scanning the 41-450 m/z range. Interface and source temperatures were 250ºC and 220ºC, respectively, with 1 scan/sec cycle time.
Compounds were identified by their GC retention time and Retention Indices relative to n-alkanes [9] [10] [11] [12] [13] [14] [15] and by comparison of their mass spectra with either known compounds or published spectra [16] [17] [18] [19] [20] . High resolution mass spectra were obtained in methanol solutions on an Orbitrap mass spectrometer.
Analytical HPLC was performed on an Agilent 1290 HPLC system with binary pump, column oven (40ºC), and diode array detector. Separation was achieved on a Zorbax Eclipse C18 column (20 mm x 2.1 mm, 18  and an acetonitrile (0.05% TFA) and water (0.05% TFA) gradient, 50-95% acetonitrile (TFA) over 15 min, flow rate 0.5 mL/min. For LCMS the effluent from the diode array detector was connected to an Agilent 6100 single quadrupole mass spectrometer operating under the following conditions: APCI positive ion mode, scanning 100-1000 m/z, gas temp: 350 o C, vaporizer: 350ºC, drying gas: 5.0 L/min, nebulizer pressure: 35 psi, capillary voltage: 3000 V, corona: 4.0 A. NMR data were obtained using a Bruker AVANCE II DRX 500 ( 1 H, 500.13 MHz; 13 C, 125.77 MHz; 5 mm QNI probe) spectrometer with Topspin1.3 software. The spectra were recorded using deuterated chloroform (CDCl 3 , Cambridge Isotopes) with the residual chloroform peak as reference at 7.24 ppm for proton and 77.23 ppm for carbon. The chemical shifts were expressed in parts per million (ppm) and the coupling constants (J) in Hertz (Hz). All 1D ( 1 H, 13 C J-Modulated and 1D TOCSY) and 2D (COSY, HSQC, HMBC) experiments were carried out using Bruker pulse programs.
Reinwardione: 2-Butyl-2,4,4-trimethyl-5-methoxycyclohex-5-en-1,3-dione (1, Figure 1 ) was isolated by semi-preparative HPLC on an Agilent 1100 HPLC system equipped with a quaternary pump, column oven (40 o C) and a diode array detector (collecting spectra in the range 190-900nm). Separation was achieved on a Zorbax (USA) SB-C18 column (9.4 mm x 250 mm, 5 m) using an acetonitrile (0.05% TFA) and water (0.05% TFA) gradient, 50-95% acetonitrile (TFA) over 15 min, flow rate 2.5 mL/min. Fractions were collected manually and identity confirmed by GCMS. Under these conditions 1 eluted at 9. Table 2 .
